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(54) WDM optical transmission system 

(57) A WDM optical transmission system in which a 
retiming unit disposed at the front stage of the optical 
signal supplying unit of an optical transceiver is pro- 
vided. The pulse width distortion of an optical signal 
generated in optical transmission through an optical 

FIG.2 

1 v 



fiber between two WDM optical transmission apparatus 
is corrected by the retiming unit after the optical signal 
has been demultiplexed and converted into an electrical 
signal. 
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D scription 

[0001] The invention relates to a WDM optical 
transmission system, and more particularly, to a WDM 
optical transmission system in which jitter compression 
is realized and an optical transceiver is commonly used 
indifferent transfer rates and different coding formats. 
[0002] Fig. 1 shows a conventional WDM (Wave- 
length Division Multiplexing) optical transmission sys- 
tem. In this conventional WDM optical transmission 
system, the reference numerals 1 and 2 indicate WDM 
optical transmission apparatus, 3, 4, 3* and 4' indicate 
optional optical transmission apparatus, 5 and 6 indi- 
cate optical transceivers, 7 indicates an electrical to 
optical converter for wavelength X 1 , 8 indicates an opti- 
cal to electrical converter for wavelength X 2 , 9 indi- 
cates an optical to electrical converter for wavelength X 
1,10 indicates an electrical to optical converter for 
wavelength X 2 , 1 1 indicates an electrical to optical con- 
verter for wavelength X 3, 12 indicates an optical to elec- 
trical converter for wavelength X 4,13 indicates an 
optical to electrical converter for wavelength X 3,1 4 indi- 
cates an electrical to optical converter for wavelength X 
4, 15 and 16 indicate optical multiplexers/demultiplex- 
ers. 

[0003] The optical transceivers 5 and 6 include opti- 
cal signal receiving units 5-1 and 6-1 , optical signal sup- 
plying units 5-2 and 6-2, and retiming units 5-3 and 6-3, 
respectively, while the optical transmission apparatus 3, 
4, 3' and 4' include electrical to optical converters 3-1 , 4- 
1 , 3'-1 and 4'-1 and optical to electrical converters 3-2, 4- 
2, 3'-2 and 4'-2, respectively. 

[0004] In this WDM optical transmission system, an 
optical signal of wavelength A, 1 sent from the electrical 
to optical converter 3-1 of the optical transmission appa- 
ratus 3 is received by the optical signal receiving unit 5- 
1 of the optical transceiver 5 of the WDM optical trans- 
mission apparatus 1 . The optical signal is converted into 
an electrical signal by the optical signal receiving unit 5- 
1 and outputted to the retiming unit 5-3, by which the 
pulse width distortion generated between the optical 
transmission apparatus 3 and the WDM optical trans- 
mission apparatus 1 is corrected to effect jitter compres- 
sion. 

[0005] The electrical signal outputted from the 
retiming unit 5-3 is converted by the electrical to optical 
converter 7 into an optical signal of wavelength X 1 and 
inputted to the optical multiplexers/demultiplexers 15. 
The optical signal is multiplexed with another optical sig- 
nal of wavelength X 3 outputted from the electrical to 
optical converter 1 1 to generate a WDM signal which is 
transmitted via an optical fiber 20 to the WDM optical 
transmission apparatus 2. 

[0006] In this WDM optical transmission apparatus 
2, the WDM signal inputted is demultiplexed by the opti- 
cal multiplexers/demultiplexers 16 into optical signals of 
wavelength X 1 and wavelength X 3. The optical signal 
of wavelength X 1 is converted into an electrical signal 



by the optical to electrical converter 9 and inputted to 
the optical transceiver 5. The electrical signal inputted 
to the optical transceiver 5 is converted into an optical 
signal by the optical signal supplying unit 5-2 and sup- 
5 plied to the optical transmission apparatus 3', where the 
optical signal of wavelength X 1 is converted into an 
electrical signal by the optical to electrical converter 3'- 
2. 

[0007] Thus, communication from the optical trans- 

w mission apparatus 3 to the optical transmission appara- 
tus 3' is performed. Communication from the optical 
transmission apparatus 3* to the optical transmission 
apparatus 3 using an optical signal of wavelength X 2, 
communication from the optical transmission apparatus 

75 4 to the optical transmission apparatus 4' using an opti- 
cal signal of wavelength X 3, and communication from 
the optical transmission apparatus 4' to the optical 
transmission apparatus 4 using an optical signal of 
wavelength X 4 are conducted in the same way. 

20 [0008] In this WDM optical transmission system, 
optical transceivers 5 and 6 use a transfer rate and a 
coding format which are the same as those of the opti- 
cal transmission apparatus 3, 4, 3' and 4'. and the 
clocks are sampled in the retiming units 5-3 and 6-3 

25 from the electrical signals generated by optical to elec- 
trical conversion, and the clocks are phase-synchro- 
nized with use of PLL (Phase Locked Loop) or narrow 
band filter, so that the pulse width distortion is corrected 
to effect jitter compression. 

30 [0009] In the conventional WDM optical transmis- 
sion system, however, there is a disadvantage in that 
the jitter generated in optical transmission between the 
WDM optical transmission apparatus 1 and 2 is trans- 
mitted without being corrected and is increased to dete- 

35 riorate the quality of transmission signals, although jitter 
generated in optical transmission via the optical trans- 
ceivers 5 and 6among the optical transmission appara- 
tus 3, 4, 3' and 4' and may be compressed. Also, since 
the optical transceivers use the same transfer rate and 

40 coding format, respectively, as that used in each individ- 
ual optical transmission apparatus, types of transceiv- 
ers required increase. 

[001 0] Accordingly, it is an object of the invention to 
provide a WDM optical transmission system in which 

45 pulse width distortion generated in optical transmission 
between two WDM optical transmission apparatus is 
corrected so that jitter between them is compressed. 
[0011] It is another object of this invention to pro- 
vide a WDM optical transmission system comprising an 

so optical transceiver which is used in common to various 
optical transmission apparatus having different transfer 
rates and coding formats. 

[0012] According to the invention, a WDM optical 
transmission system performing communication in 
55 accordance with transmission and receipt of an optical 
wavelength division multiplexed (WDM) signal obtained 
by multiplexing optical signals of plural wavelengths 
having same or different transfer rates and coding for- 
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mats, comprises: 

a demultiplexer for demultiplexing a WDM signal to 
output the optical signals of plural wavelengths, 
an optical to electrical converter for converting at 5 
least one of the optical signals of plural wave- 
lengths into an electrical signal, 
a retiming unit for correcting pulse width distortion 
of the electrical signal, and 

an optical signal supplying unit for converting the w 
electrical signal of which distortion of pulse width 
has been corrected into an optical signal to be out- 
putted to an optical signal transmission medium. 

[0013] The invention will be explained in more detail 15 
in conjunction with the appended drawings, wherein: 

Fig. 1 is a block diagram showing a conventional 
WDM optical transmission system; 
Fig. 2 is a block diagram showing a WDM optical 20 
transmission system in a first preferred embodi- 
ment according to the invention; and 
Fig. 3 is a block diagram showing a WDM optical 
transmission system in a second preferred embod- 
iment according to the invention. 25 

[0014] Fig. 2 shows a WDM optical transmission 
system in a first preferred embodiment according to the 
invention. In this WDM optical transmission system, the 
reference numerals 1 and 2 indicate WDM optical trans- 30 
mission apparatus, 3, 4, 3' and 4' indicate optional opti- 
cal transmission apparatus, 5 and 6 indicate optical 
transceivers,? indicates an electrical to optical con- 
verter for wavelength X 1 , 8 indicates an optical to elec- 
trical converter for wavelength X 2 , 9 indicates an 35 
optical to electrical converter for wavelength X 1, 10 indi- 
cates an electrical to optical converter for wavelength X 
2, 11 indicates an electrical to optical converter for 
wavelength X 3, 1 2 indicates an optical to electrical con- 
verter for wavelength X 4 , 13 indicates an optical to 40 
electrical converter for wavelength X 3, 14 indicates an 
electrical to optical converter for wavelength X 4 , 1 5 and 
16 indicate optical multiplexers/demultiplexers, 17 indi- 
cates transfer rate detectors, and 1 8 indicates retiming 
units. The optical transmission apparatus 3, 4, 3' and 4' 45 
include electrical to optical converters 3-1 , 4-1 , 3'-1 and 
4*-1 and optical to electrical converters 3-2, 4-2, 3'-2 and 
4 , -2, respectively, while the optical transceivers 5 and 6 
include optical signal receiving units 5-1 and 6-1 and 
optical signal supplying units 5-2 and 6-2, respectively. 50 
[0015] In this WDM optical transmission system, 
communication between the optical transmission appa- 
ratus 3 and 4 and the optical transmission apparatus 
3'and 4' is performed in the same way as the WDM opti- 
cal transmission system in Fig.1. However, when an 55 
optical signal of wavelength X 1 sent from the optical 
transmission apparatus 3 is transmitted via the WDM 
optical transmission apparatus 1 and an optical fiber 20 



to the WDM optical transmission apparatus 2, the opti- 
cal signal is demultiplexed by the optical multiplexer- 
demultiplexer 16 and converted into an electrical signal 
by the optical to electrical converter 9 and thereafter the 
pulse width distortion is corrected by the retiming unit 
18, the structure and operation being different from 
those in Fig.1. Likewise, optical signals of wavelength X 
2 , X 3 and X 4 are transmitted via the optical fiber 20 as 
a wavelength division multiplexed signal, and demulti- 
plexed by the optical multiplexer-demultiplexer 15 or 1 6. 
The demultiplexed optical signals are converted into 
electrical signals, and the pulse width distortions thereof 
are corrected by the corresponding retiming units 18. 
[0016] As it is obvious from the structure shown in 
Fig.2, the retiming units 18 are positioned respectively 
at the front stage of the optical signal supplying units 5- 
2 and 6-2 of the optical transceivers 5 and 6, so that the 
pulse width distortions of the optical signal generated in 
transmission through the optical fiber 20 between the 
WDM optical transmission apparatus 1 and 2 are cor- 
rected, so that compression of the jitters is effected. 
[0017] To the outputs of the optical signal receiving 
units 5-1 and 6-1 of the optical transceivers 5 and 6, the 
transfer rate detectors 17, which detect the transfer rate 
of the respective electric signals outputted from the opti- 
cal signal receiving units 5-1 and 6-1 of the optical 
transceivers 5 and 6 and supplies the detected results 
to the retiming units 18, are connected. Accordingly, 
even if the optical transmission apparatus 3, 4, 3' and 4' 
are of different transfer rates and different coding for- 
mats, optical transceivers 5 and 6 are commonly used. 
[0018] In the above embodiment, the optical trans- 
ceivers 5 and 6 do not include the retiming unit on the 
inside thereof, but the retiming unit may be provided, as 
shown in Fig.3, within the optical transceivers 5 and 6. 
In this case, if the transfer rate of the opposite optical 
transmission apparatus is already known, the transfer 
rate detector 17 may be omitted, so that a more com- 
pact WDM optical transmission apparatus may be real- 
ized. In Rg.3 like parts are indicated by like reference 
numerals as used in Fig.2. 

[0019] As explained hereinbefore, according to a 
WDM optical transmission system embodying this 
invention, since a retiming unit is provided at the front 
stage of the optical signal supplying unit of an optical 
transceiver which sends an optical signal to an optional 
transmission apparatus, the pulse width distortion gen- 
erated in communication through an optical fiber 
between two WDM transmission apparatus is corrected 
so that jitter compression is realized. Also, since the 
transfer rate of the optional transmission apparatus is 
detected and the detected result is supplied to the retim- 
ing unit, an optical transceiver is commonly used for 
optional optical transmission apparatus having different 
transfer rates and coding formats. 
[0020] Although the invention has been described 
in its preferred form with a certain degree of particular- 
ity, it is understood that the present disclosure of the 
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preferred form has been changed in the details of con- 
struction and the combination and arrangement of parts 
may be resorted to without departing from the spirit and 
the scope of the invention as hereinafter claimed. 

Claims 



commonly to plural optical transmission appa- 
ratus having different transfer rates and coding 
formats. 

5 5. The WDM optical transmission system as defined 
in claim 2, wherein: 



1. A WDM optical transmission system performing 
communication in accordance with transmission 
and receipt of an optical wavelength division multi- w 
plexed (WDM) signal obtained by multiplexing opti- 
cal signals of plural wavelengths having same or 
different transfer rates and coding formats, com- 
prises: 

15 

a demultiplexer for demultiplexing a WDM sig- 
nal to output the optical signals of plural wave- 
lengths, 

an optical to electrical converter for converting 
at least one of the optical signals of plural 20 
wavelengths into an electrical signal, 
a retiming unit for correcting pulse width distor- 
tion of the electrical signal, and 
an optical signal supplying unit for converting 
the electrical signal of which distortion of pulse 25 
width has been corrected into an optical signal 
to be outputted to an optical signal transmis- 
sion medium. 



the optical transceiver is an exclusive trans- 
ceiver having a wavelength and a transfer rate 
corresponding to those of the predetermined 
optical transmission apparatus, and comprises 
therein a retiming unit operating in compliance 
with a fixed transfer rate and without using the 
transfer rate detector. 



2. The WDM optical transmission system as defined 30 
in claim 1 , wherein: 

the optical signal supplying unit is included 
together with an optical signal receiving unit in 
an optical transceiver, the optical signal supply- 35 
ing unit being to supply the optional signal con- 
verted from the electrical signal via the optical 
signal transmission medium to a predeter- 
mined optical transmission apparatus, while 
the optical signal receiving unit being to receive 40 
another optical signal via another optical signal 
transmission medium from the predetermined 
optical transmission apparatus to output 
another electrical signal. 

45 

3. The WDM optical transmission system as defined 
in claim 2, wherein: 

the optical transceiver is an exclusive trans- 
ceiver which operates with a transmitting and so 
receiving wavelength corresponding to that of 
the predetermined optical transmission appa- 
ratus. 

4. The WDM optical transmission system as defined 55 
in claim 2, wherein: 

the optical transceiver is designed to be used 
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